T HE COMMUNICATION of a coronary artery with a cardiac chamber or the pulmonary trunk, although an uncommon anomaly, is important for several reasons. It enters into the differential diagnosis of those conditions associated with a continuous precordial murmur, among them patent ductus arteriosus, aorticopulmonary septal defect, ventricular septal defect with aortic insufficiency, supravalular pulmonary arterial stenosis, ruptured aneurysm of an aortic sinus, and congenital absence of the pulmonary valve. Moreover, the anomaly may become complicated by bacterial infection or congestive cardiac failure or both. Ordinarily, it is amenable to cure by interruption of the fistulous tract.
In this report we describe six cases observed at the University of Minnesota Hospitals and compare them with those reported in the literature.
The six patients, three male and three female, ranged in age from 17 months to 53 years (table 1) .
Of the six patients, five underwent surgical treatment; all five are living. The sixth patient (case IV) did not receive surgical therapy; the diagnosis was confirmed at necropsy.
Pathologic Features There are two types of gross communication between a coronary artery and a Supported partially by research grant no. H5694 of the National Heart Institute, U. S. Public Health Service.
Circulation, Volume XXIV, August 1961 cardiac chamber. The first type is characterized by an intact ventricular septum (or a very small ventricular septal defect) and atresia either of the pulmonary or the aortic valve.1-3 Under these circumstances, and in the presence of a competent corresponding atrioventricular valve, enlarged sinusoids of the ventricle proximal to the atretic semilunar valve penetrate the myocardium. These sinusoids converge in or near the epicardium to form a single vessel leading from the obstructed ventricle. In the epicardium, this anomalous vessel joins with the usual branches of the coronary arteries. Then, blood from the obstructed ventricle is forced into the coronary arteries, which receive this blood in addition to their supply from the aorta. When pulmonary atresia is present, venous blood is therefore delivered to the coronary arteries, while when aortic atresia is present, blood fully saturated with oxygen is delivered from the left ventricle directly into the coronary arteries by way of the channels mentioned.
In all the six cases here reported the anomalous coronary arterial communication was of the second type. In it a coronary artery communicates with a cardiac chamber or pulmonary arterial trunk without other cardiac malformation, except coincidentally. In our six cases the abnormal coronary artery was the right in two cases and the left in four cases. The sites of termination of the coronary artery were as follows: (1) cate with the ventricular cavities. In later prenatal life, the intertrabecular spaces shrink to form the sinusoids, which represent communications between the veins and coronary arteries, on the one hand, and the cardiac chambers on the other. 43 Abnormally large connections of the type here considered appear to represent persistence of the large intertrabecular spaces, which connect with a ventricular cavity, on the one hand, and with a coronary artery, on the other. A different explanation for anomalous communication between a coronary artery and the pulmonary trunk exists. This anomaly apparently occurs when one or several coronary arteries arise from the pulmonary trunk. The accessory artery or arteries in turn make communication with branches of one or both normally arising coronary arteries. As flow from the high pressure (aortic) area is carried into the low pressure (pulmonary) area, the communication enlarges.
Clinical Features
The natural history of this malformation is not well known. In most cases reported in the literature the patients reached adult life. Only occasionally did death occur in infancy or childhood.
Symptoms seem to depend upon the magnitude of the shunt. Among our patients, three gave histories of recurrent respiratory infections. Congestive cardiac failure was observed in two patients (cases III and IV) and was the cause of death in one of them (case IV). In another patient (case III), signs of congestive cardiac failure disappeared after surgical interruption of the anomalous channel.
Some patients may manifest symptoms and signs of coronary insufficiency. In case IV, the patient was a 43-year-old man whose chief complaint was angina. Obviously, in this age group it is difficult to determine whether angina is related to the malformation itself or to concomitant coronary atherosclerosis. In reported cases of coronary arteriovenous fistula and added one case diagnosed by angiocardiography. In only two cases was death directly attributed to the fistula; in the others it was due to nonrelated causes.
In those cases in which the anomalous termination is into the left ventricle, only a diastolic murmur is anticipated. In cases involving the other possible sites of termination, a continuous murmur frequently occurs; in fact, it is the most consistent abnormal physical sign among reported cases, and was noted in all six cases reported here.
The location of maximal intensity of the continuous murmur seems to depend upon the site of the abnormal communication, i.e., its position usually corresponds with the anatomic position of the chamber or vessel participating in the anomalous connection. We observed the association between a continuous murmur and a systolic thrill only in two patients (cases I and VI), but this association is commonly reported in the literature. The second sound at the pulmonic area was accentuated in all six of our patients and was particularly prominent in four (cases II, IV, V, and VI). The absence of a murmur in Scott's case24 is perhaps explained by the observation at necropsy that a thrombus had occluded the fistula. and dilatation were noted. The important functional disturbance of this condition is the run-off of blood from the coronary arterial system similar to that in other arteries that lie proximal to arteriovenous or arteriovenous-like fistulas. Consequently, when a coronary artery communicates with a right-sided cardiac chamber, cardiac catheterization may reveal high oxygen saturation of the blood in that chamber receiving blood from the coronary fistula. When the abnormal vessel communicates with the left side of the heart, no abnormality in oxygen saturation occurs. Hemodynamic studies were performed in four of our six cases. A summary of the observations is shown in table 3. In each case an increase in oxygen saturation was detected in the chamber or vessel receiving the abnormal communication (right atrium, one case; right ventricle, two cases; pulmonary trunk, one case). Calculated shunts varied from a minimum of 0.6 to 8.7 liters per minute per square meter of body surface. A similarly high value for a left-to-right shunt was obtained in one of Gasul 's cases.16 Pulmonary arterial and right-sided intracardiac pressures were within normal limits in two cases.
In the anomaly under discussion, diversion of aortic blood into the coronary system is greater than normal. In the normal cases about 10 per cent of aortic blood flows into the coronary arterial system, but in patients with this malformation more than half the aortic blood may be diverted into the abnormal coronary artery. Most of this blood is not Circulation, Volume XXIV, August 1961 anomalous termination of a coronary artery directed into the myocardial capillaries, which constitute a zone of high resistance; instead, the major part of the blood is directed through the low-resistance channel, the anomalous communication. In addition, blood from the other coronary artery may be diverted through intercoronary anastomoses to the fistula. Thus, for example, in a case in which the right coronary artery connects anomalously with a cardiac chamber, the myocardium in the distribution of the left coronary artery may be ischemic from the diversion of blood toward the fistula.
Hemodynamic studies may readily permit the identification of the site of anomalous communication of a coronary artery with a right-sided chamber or the pulmonary trunk. They do not, however, reveal the anatomic basis for the shunt. Ruptured aneurysm of an aortic sinus, ventricular septal defect with aortic insufficiency, and aorticopulmonary communications-all these may yield findings similar to those observed in anomalous communication of a coronary artery with a rightsided cardiac chamber or the pulmonary trunk. Precise anatomic diagnosis requires selective aortography.
In Mozen's case,37 in which the fistual communicated with the left atrium, the findings of catheterization of the right side of the heart were normal.
Roentgenographic Features
Roentgenographic examination of the thorax revealed moderate to severe cardiomegaly in four cases (cases II, III, IV, and V. fig. 2 ). In the two remaining patients (cases I and VI), the size of the cardiac shadow was within normal limits. The pulmonary arterial segment was prominent in all cases, and the peripheral pulmonary arterial vasculature was moderately to markedly increased in all but one patient (case VI).
The aortic knob was prominent in all cases. From conventional films, one cannot distinguish the findings in this anomaly from those in other conditions in which left-to-right shunts and continuous machinery murmurs occur. In general, the roentgenographic appearance seems to depend on the hemodynamic alterations of the particular case.
Gasul and associates,16 summarized the roentgenographic findings in 28 cases, including five of their own. In nine cases these were considered to be normal; in the other 19 cases, the common findings were enlargement of the left ventricle, dilatation of the pulmonary arterial segment, and prominence of the pulmonary vasculature.
Although retrograde aortography by means of an injection through a radial artery is a time-honored procedure for diagnosing patent ductus arteriosus, it is very often unsatisfactory for diagnosing lesions originating in the ascending aorta; these lesions include: anomnalous communication of a coronary artery with a cardiac chamber or the pulmonary trunk, aorticopulmonary septal defect, persistent truncus arteriosus, or ruptured aneurysm of an aortic sinus of Valsalva.
In most cases, opaque material reaching the arch of the aorta by way of a retrograde injection follows the flow of blood in the aorta distally into the descending aorta. Thus the entire ascending aorta, including its sinuses, is usually not satisfactorily visualized by this method. This phenomenon was well demonstrated in one of our patients when two retrograde aortograms failed to demonstrate the anomalous termination of a coronary artery.
We prefer to use selective aortography, a procedure in which radiopaque material is injected into the base of the aorta through a catheter. Selective aortography was performed in three cases (cases I, II, and III): In case I, the aorta was shown to be dilated and densely opacified ( fig. 3) In case II ( fig. 4) , a large, tortuous, irregularly dilated vessel arising above the left aortic sinus became apparent immediately after filling of the aortic sinuses. This channel progressed to the left and passed downward in the region of the anterior interventricular groove. Filling of this channel was followed by opacification of the right ventricular chamber and then of the pulmonary artery in normal sequence.
In case III, opacification of the left coronary artery was followed by filling of the main pulmonary artery, without opacification of the right ventricle. 
